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LOW POWER LOW VOLTAGE DIFFERENTIAL SIGNALING DRIVER 

Mingdeng Chen 
Michael A. Nix 

FIELD OF THE INVENTION 

[0001] This invention relates generally to data 
signaling and more particularly to low voltage differential 
signaling. 

BACKGROUND OF THE INVENTION 

[0002] As is known, low voltage differential signaling 
(LVDS) is a standardized data transmission format that is 
widely used for serial data transmissions. Such LVDS 
formatting is generally illustrated in Figure 1. As shown 
in Figure 1, a differential signal is centered about a 
common mode voltage of 1.25 volts. The magnitude of the 
differential signal is 0.4 volts. As such, with respect to 
ground, the LVDS signal varies in magnitude from 1.05 volts 
to 1.45 volts. 

[0003] One common embodiment of an LVDS driver is 
illustrated in Figure 2. As shown in Figure 2, the LVDS 
driver includes a P-channel current source, two P- channel 
input transistors, two N-channel input transistors and an N- 
channel current source. In addition, the LVDS driver may 
include impedance matching resistors to provide a desired 
output impedance, for example the resistors may be 50 Ohm 
resistors. In operation, the P-channel input transistors 
and the N-channel input transistors steer the current 
produced by the P-channel current source (l^,) to a load via 
the output terminals {Vout_n and Vout_p) and the resistors 
to the N-channel transistor current source. As such, when 
the positive leg of the differential input signal (Vin_p) is 
high with respect to the negative leg {Vin_n) the current 1^ 
flows through the P-channel transistor with Vin_n as its 
gate input through the resistors and the load to the N- 

EVDDD37flt,31US 



X-1501 US 



PATENT 



channel transistor with its gate coupled to Vin_p to the 
channel current source. When the negative leg of the 
differential signal input {Vin_n) is high with respect to 
the positive leg of the differential input signal (Vin_p) , 
the current flows through the other pair of P and N-channel 
transistors . 

[00041 The LVDS driver of Figure 2 works well when the 
supply voltage (V^^) is 3,3 volts or greater, which is common 
for 0.35 micron CMOS technology. But when the supply 
voltage drops below 2 volts (e.g., 1.8 volts for 0.18 micron 
CMOS technology) , the LVDS driver of Figure 2 does not have 
enough supply voltage headroom for the stacked P-channel 
transistors. For instance, with reference to Figures 1 and 
2, as shown in Figure 1, the signal swings from 1.05 volts 
to 1.45 volts in magnitude with reference to ground, 
centered at a common mode voltage of 1.25 volts. If, as 
allowed by the LVDS standard, the common mode voltage drifts 
to its upper limit (e.g., increases by 10%), it becomes 1.37 
volts, which now raises the magnitude of the differential 
signal to range between 1.17 volts and 1.57 volts with 
respect to ground. With a 1.8 volt supply, there is only 
0.23 volts of headroom for the drain-source voltage for two 
P-channel transistors, which is insufficient. This problem 
is further accentuated when the supply voltage is less than 
1.8 volts (e.g., 1.6 volts, 1.1 volts, et cetera). 
[0005] The LVDS driver of Figure 3 overcomes the reduced 
power supply voltage issue by eliminating the stacked P- 
channel transistor configuration of the embodiment of Figure 
2. In the embodiment of Figure 3, the LVDS driver includes 
2 P-channel current source transistors, 2 N-channel input 
transistors and an N-channel current source transistor. In 
this embodiment the P-channel transistors function as fixed 
current sources to provide current to the load via the N- 
channel transistors, which are oppositely enabled based on 
the differential input signal. In this embodiment as shown, 
the N-channel current source is required to sink twice the 
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current as the corresponding N-channel current source in the 
embodiment of Figure 2. Accordingly, the embodiment of 
Figure 3 consumes more power than the embodiment of Figure 
2. In addition, the N-channel input transistors are 
required to be significantly larger in die area than the 
corresponding N- channel transistors in the embodiment of 
Figure 2 . If an integrated circuit includes a plurality of 
LVDS drivers, the increased power consumption and increased 
die area requirement of the embodiment of Figure 3 are 
unacceptable. 

[0006] Therefore, a need exists for a low power LVDS 
driver that operates at very low supply voltages. 

SUMMARY 

[0007] The low power low voltage differential signaling 
(LVDS) driver of the present invention substantially meets 
these needs and others. In one embodiment, a low power LVDS 
driver includes a load current source, first and second 
input transistors, first and second switchable current 
sources, and a switchable current source control module. 
The load current source is operably coupled to provide a 
load current. The first input transistor includes a gate, a 
drain, and a source, wherein the source of the first input 
transistor is coupled to the load current source, and 
wherein the gate of the first input transistor is operably 
coupled to receive a first leg of a differential input 
signal. The second input transistor includes a gate, a 
drain, and a source, wherein the source of the second input 
transistor is coupled to the load current source, wherein 
the gate of the second input transistor is operably coupled 
to receive a second leg of the differential input signal, 
and wherein the drains of the first and second input 
transistors provide an output of the low power LVDS driver. 
The first switchable current source is operably coupled to 
the drain of the first input transistor and to a power 
supply source, wherein, when enabled, the first switchable 
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current source provides a first current to the drain of the 
second input transistor via at least one of a source 
termination and a load. The second switchable current 
source is operably coupled to the drain of the second input 
transistor and to the power supply source, wherein, when 
enabled, the second switchable current source provides a 
second current to the drain of the first input transistor 
via the at least one of the source termination and the load. 
The switchable current source control module is operably 
coupled to selectively enable the first and second 
switchable current sources based on states of the first and 
second legs of the differential input signal. By 
selectively enabling the switchable current sources, this 
embodiment of an LVDS driver can operate from a low power 
supply voltage (e.g., 1.8 volts or less ) and consumes 
minimal power. 

[0008] In another embodiment, a low power LVDS driver 
includes a switchable current module, a source termination 
circuit, a transistor section, and a load current source. 
The switchable current module is operably coupled to produce 
a first current when a differential input signal is in a 
first state and to produce a second current when the 
differential input signal is in a second state. The source 
termination circuit is operably coupled in parallel with a 
load. The transistor section is operably coupled to receive 
the first and second currents from the switchable current 
module via at least one of the source termination circuit 
and the load, wherein the transistor section produces an 
LVDS output signal based on the first and second currents, 
the differential input signal, and the source termination 
circuit. The load current source is operably coupled to 
sink the first and second currents from the transistor 
section. 
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BRIEF DESCRIPT;E0N QF THE DRAWINGS 

[0009] Figure 1 is a signaling diagram of an LVDS signal 
in accordance with a known standard; 

[0010] Figure 2 is a schematic block diagram of an LVDS 
driver as is known in the prior art; 

[0011] Figure 3 is a schematic block diagram of an 

alternate LVDS driver as is known in the prior art; 

[0012] Figure 4 is a schematic block diagram of an 

integrated circuit in accordance with the present invention; 

[0013] Figure 5 is a schematic block diagram of an LVDS 

driver sourcing a load in accordance with the present 

invention; 

[0014] Figure 6 is a schematic block diagram of an 
embodiment of an LVDS driver in accordance with the present 
invention; 

[0015] Figure 7 is a schematic block diagram of an 
alternate embodiment of an LVDS driver in accordance with 
the present invention; 

[0016] Figure 8 is a schematic block diagram of an 
active pull-up and pull-down circuit in accordance with the 
present invention; 

[0017] Figure 9 is a schematic block diagram of another 
embodiment of an LVDS driver in accordance with the present 
invent i on ; and 

[0018] Figure 10 is a schematic block diagram of yet 
another embodiment of an LVDS driver in accordance with the 
present invention. 

DETAILED DE;3Cfi;nPTI0N 

[0019] Figure 4 is a schematic block diagram of an 
integrated circuit 10 that includes circuitry 12 and a 
plurality of a low voltage differential signaling (LVDS) 
drivers 14-24. The circuitry 12 may be analog circuitry, 
digital circuitry, processing circuitry and/or memory that 
produce a plurality of data signals 26-36. The data signals 
may be analog or digital signals. For example, circuitry 12 
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may be a programmable logic device (such as a field 
programmable gate array or a complex programmable logic 
device) comprising programmable logic blocks, programmable 
I/O blocks, and a programmable interconnect structure. In 
some embodiments, the programmable I/O blocks may include 
one or more LVDS drivers, such as drivers 14-24. If the 
data signals 26-36 are digital signals, they may represent a 
serial data stream having a data rate in the hundreds of 
megabits -per- second to gigabits-per-second. Each of the 
LVDS drivers 14-24 receives a corresponding data signal 26- 
36 and produce a corresponding LVDS output 38-48. The LVDS 
output 38-48 will be in accordance with one or more versions 
of the LVDS specification. 

[0020] Figure 5 is a schematic block diagram of LVDS 
driver 14 providing its LVDS output 38 to a transmission 
line and subsequently to a receiver amplifier (RX amp) . As 
is further shown, the output of the LVDS driver 14 includes 
a transmit termination impedance which may also be referred 
to as a source termination. This establishes the desired 
output impedance of the LVDS driver 14. The receiver 
amplifier may also include a receiver termination impedance 
to establish the input impedance of the receiver. In this 
illustration, the transmission line, receiver termination 
impedance and the receiver amplifier constitute a load for 
the LVDS driver 14. 

[0021] Figure 6 is a schematic block diagram of an 
embodiment of an LVDS driver 14-24. In this embodiment, the 
LVDS driver includes a switchable current source control 
module 50, a 1^*" switchable current source 52, a 2"*^ 
switchable current source 54, a source termination 56, two 
input transistors Tl and T2, and a load current source 55. 
The gates of the input transistors Tl and T2 are operably 
coupled to receive the positive (Vin_j)) and negative (Vin_n) 
legs of a differential input signal. The switchable current 
source control module 50 also receives the positive and 
negative legs of the input signal. 
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[0022] In operation, the switchable current source 
control module 50 enables the 1^^ or 2"^ switchable current 
source 52 or 54 via enable signals 58 based on the states of 
the positive and negative legs of the differential input 
signal. For instance, when the positive leg of the input 
signal (Vin_p) is at a magnitude greater than the negative 
leg of the differential input (Vin_n) , the switchable 
current source control module 50 enables the 2"** switchable 
current source 54 to produce a current (Ij,) . In addition, 
with the positive leg being at a voltage greater than the 
negative leg, transistor Tl is on and transistor T2 is off. 
As such, the current produced by the 2""^ switchable current 
source 54 is routed via the source termination 56 and/or via 
the load coupled to the output connections (Vout_p and 
Vout_n) to the drain of transistor Tl. The current is 
routed via transistor Tl to the load current source 55. In 
this state, the l^*" switchable current source 52 is disabled. 
As such, the load current source 55 only sinks the current 
produced by the 2""^ switchable current source 54. 
[0023] When the negative leg of the differential input 
signal {Vin_n) is at a voltage greater than the positive leg 
of the differential input signal (Vin_p) , the switchable 
current source control module 50 enables the l" switchable 
current source 52 and disables the 2"*^ switchable current 
source 54. In addition, transistor T2 is enabled and 
transistor Tl is disabled. Thus, the current produced by 
the l"**" switchable current source 52 is routed to the drain 
of transistor T2 via the source termination 56 and/or via 
the load coupled to the output of the LVDS driver {Vout_n 
and Vout_p) . The current through transistor T2 is then 
provided to the load current source 55. Thus, in comparison 
with the prior art LVDS drivers of Figures 2 and 3, the LVDS 
driver 14-24 of Figure 6 may operate from a low power supply 
voltage (e.g., 1.8 volts or less) and consume less power 
since the load current source sinks less current. 
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[0024] Figure 7 is a schematic block diagram of an 
alternate embodiment of an LVDS driver 14-24 that includes 
the switchable current source control module 50, the 1^^ 
switchable current source 52, the 2""^ switchable current 
source 54, input transistors Tl and T2, the source 
termination 56, which includes two resistors, the load 
current source 55, a capacitor CI, and a common mode voltage 
regulation circuit 64. The switchable current source 
control module 50 includes an adjustable current mirror 
circuit 68, a buffer 72, and two switches 74 and 76, which 
may be transistors. The adjustable current mirror circuit 
68 includes two P-channel transistors, an amplifier 70, and 
a current source 71. Each of the 1^*" and 2"^ switchable 
current sources 52 and 54 includes a P-channel transistor T3 
or T4 and an active pull-up and pull-down circuit 60 or 62. 
The common mode voltage regulation circuit 64 includes an 
amplifier 66. 

[0025] In operation, the adjustable current mirror 
circuit 68 generates a reference current (1^^) and a reference 
gate source voltage (Vg^ ^^^) . The buffer 72 buffers the 
reference gate source voltage and, via switch 74 or 76, 
provides it, as the first or second gating signal, to the 
gate of transistor T3 or T4. Accordingly, the reference 
current establishes the mirroring current for transistors T3 
and T4. If the transistors T3 and T4 are of the same 
geometric size as the P-channel transistor in the adjustable 
current mirror circuit 68, the currents produced by 
transistors T3 and T4 will match the reference current. If 
the transistors are scaled in size, the currents will be 
correspondingly scaled. 

[0026] The reference current, and hence the reference 
gate source voltage, may be adjusted by adjusting current 
source 71. For instance, if the current of current source 
71 is reduced, the reference current is decreased and hence 
the gate source reference voltage is decreased. Conversely, 
if the current of current source 71 is increased, the 
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reference current and the corresponding reference gate 
source voltage increase. As such, the drive currents 
produced by the LVDS driver can be adjusted to optimal 
levels based on the load requirements, thereby optimizing 
power consumption. In addition, the drain source voltage of 
the mirroring transistor of the adjustable current mirror 
circuit 68 can be adjusted to more closely match the drain 
source voltage of T3 and T4 by adjusting the input V^^^^^^ to 
the amplifier 70. 

[0027] The common mode voltage regulation circuit 64, 
via amplifier 66, produces a control signal that regulates 
the load current source 55 such that the common mode voltage 
is maintained at a desired level (e.g., 1.25 volts). For 
example, the reference voltage (V^^^) may be set at 1.25 
volts. The closed loop feedback system between the load 
current source 55, the resistors of the termination source 
56 and the amplifier 66 regulates the common mode of the 
output to substantially match the reference voltage thereby 
maintaining the common mode voltage at 1.25 volts. 
[0028] When the positive leg of a differential input 
signal (Vin_p) is of a magnitude larger than a magnitude of 
the negative leg of the differential input signal (Vin_n) , 
transistor Tl is enabled, switch 76 is closed, switch 74 is 
open, and transistor T2 is off. With switch 76 closed and 
switch 74 opened, the corresponding active pull-up and pull- 
down circuit 62 and 60 of the 1^^ and 2"^ switchable current 
sources 52 and 54 hold transistor T3 off and transistor T4 
on. With transistor T4 on current flows through the 
resistors of termination source 56 and through the output 
load returning through transistor Tl. Conversely, when the 
negative leg of the differential input signal (Vin_n) is of 
a magnitude greater than the magnitude of the positive leg 
of the differential input signal (Vin_p) , switch 76 is open 
and switch 74 is closed such that transistor T3 is on and T4 
is off. In addition, transistor Tl is off and transistor T2 
is on such that the current flow is through transistor T3, 
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the load in parallel with the termination source 56, input 
transistor T2, and the load current source 55. Accordingly, 
a low voltage differential signal is provided at the LVDS 
outputs {Vout_p and Vout_n) . 

[0029] Figure 8 is a schematic block diagram of the 
active pull-up and pull-down circuits 60 and 62 coupled to 
the gate of transistor T3 or T4, which is, in turn, coupled 
to switch 74 or 76. The circuit 60 or 62 includes two delay 
elements 80 and 82, switching circuitry 84 and 86, a P- 
channel transistor T5, and an N-channel transistor T6 . The 
delay elements 80 and 82 may be comprised of a plurality of 
cascaded inverters or buffers {e.g., four or six inverters) 
that may be of the same size or different size such that 
delay 80 may provide the same delay or a different delay 
than that produced by delay 82 . 

[0030] The input of the pull-up and pull-down circuit is 
the positive or negative leg of the differential input 
signal (Vin_p or Vin_n) and is coupled to each of the delay 
elements 80 and 82 and to each of the switching circuitries 
84 and 86. In operation, for pull-up and pull-down circuit 
62, which is coupled to T4 and receives Vin_p as its input, 
transistors T5 and T6, respectively, are momentarily on to 
actively pull-up the gate voltage of transistor T4 to V^^ 
when it is to be turned off and to actively pull-down the 
gate voltage of transistor T4 to ground when it is to be 
turned on. This can be better xmderstood with reference to 
the accompanying voltage -timing diagram. As shown, when the 
input Vin_p transitions from low to high, transistor T5 is 
momentarily turned on via a first gate drive signal, where 
the duration for which T5 is on is established by delay 80, 
i.e., the first delayed signal. With transistor T5 on, 
transistor T4 is actively turned off. When transistor T5 
turns off, the open switch 76 keeps transistor T4 off. Note 
that a resistive pull-up element may be included to assist 
with keeping transistor T4 off. 
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[0031] As is further shown, when the input Vin_p 
transitions from high to low, transistor T6 is momentarily 
turned on based on the second gate drive signal, where the 
duration for which T6 is on is established by delay 82, 
i.e., the second delayed signal. With transistor T6 on, 
transistor T4 is actively turned on. When transistor T6 
turns off, the closed switch 76 keeps transistor T4 on. 
[0032] Figure 9 is a schematic block diagram of an 
alternate embodiment of a low voltage differential signaling 
(LVDS) driver 14-24. In this embodiment, the LVDS driver 
includes a switchable current module 90, the source 
termination 56, a transistor section 92 that includes 
transistors Tl and T2, and the load current source 55. The 
switchable current module 90 is operably coupled to produce 
a 1^^ current when the differential input signal is in a l" 
state (e.g., the positive input is greater than the negative 
input) and to produce a 2"*^ current when the differential 
input signal is in a 2"^ state (e.g., when the negative leg 
is greater than the positive leg) . When the positive input 
(Vin_j)) is of a greater magnitude than the negative input 
(Vin_n) , transistor Tl is on and transistor T2 is off, such 
that the 1^*" current produced by the switchable current 
module 90 flows through source termination 56 and the load 
to input transistor Tl and to the load current source 55 to 
produce one state of the LVDS output. Conversely, when the 
positive input (Vin_p) is of a lower magnitude than the 
negative input (Vin_n) , transistor T2 is on and transistor 
Tl is off, such that the 2"** current produced by the 
switchable current module 90 flows through source 
termination 56 and the load to input transistor T2 and to 
the load current source 55 to produce another state of the 
LVDS output. 

[0033] The LVDS driver of Figure 9 may further include 
an amplifier operably coupled to the source termination 56 
and to the load current source 55 to regulate the load 
current source 55 such that a desired common mode voltage 
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for the differential output of the LVDS driver is 
maintained. The switchable current module 90 may be 
implemented utilizing a 1^^ transistor operably coupled to 
produce the 1^*" current based on a l^*" gating signal, a 2"^ 
transistor operably coupled to produce the 2""* current based 
on a 2""* gating signal and a gating module operably coupled 
to produce the 1^^ and 2'''^ gating signals based on the 
differential input signal and a reference gate voltage. The 
gating module may be implemented to include adjustable 
current mirror module and a pair of switches as illustrated 
in Figure 7 . 

[0034] Figure 10 is yet another embodiment of the LVDS 
driver 14 - 24 that includes the switchable current source 
control module 50, the first switchable current source 52, 
the second switchable current source 54, input transistors 
Tl and T2, load current source 55, and the common mode 
voltage regulation circuit 64. This embodiment is similar 
to the embodiment of Figure 7 with the exception that the 
active pull-up and pull -down circuit 60 and 62 is 
implemented via capacitors. In this embodiment, when Vin_p 
transitions high and Vin_n transitions low, switch 76 is 
closed and capacitor 62 momentarily pulls down on the gate 
voltage of transistor T4, thus actively enabling transistor 
74. In addition, switch 74 opens and capacitor 60 
momentarily pulls up on the gate voltage of transistor T3, 
thus actively turning off transistor T3 . 

[0035] When Vin_p transitions low and Vin_n transitions 
high, switch 76 is opens and capacitor 62 momentarily pulls 
up on the gate voltage of transistor T4, thus actively 
turning off transistor 74. In addition, switch 74 closes and 
capacitor 60 momentarily pulls down on the gate voltage of 
transistor T3, thus actively turning on transistor T3 . 
[0036] As one of average skill in the art will 
appreciate, the term ^^sxibstantially" or approximately" , as 
may be used herein, provides an industry-accepted tolerance 
to its corresponding term. Such an industry-accepted 
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tolerance may range, for example, from less than one percent 
to twenty percent and corresponds to, but is not limited to, 
component values, integrated circuit process variations, 
temperature variations, rise and fall times, and/or thermal 
noise. As one of average skill in the art will further 
appreciate, the term "operably coupled", as may be used 
herein, includes direct coupling and indirect coupling via 
another component, element, circuit, or module where, for 
indirect coupling, the intervening component, element, 
circuit, or module does not modify the information of a 
signal but may adjust its current level, voltage level, 
and/or power level. As one of average skill in the art will 
also appreciate, inferred coupling (i.e., where one element 
is coupled to another element by inference) includes direct 
and indirect coupling between two elements in the same 
manner as ''operably coupled". As one of average skill in 
the art will further appreciate, the term "compares 
favorably" , as may be used herein, indicates that a 
comparison between two or more elements, items, signals, 
etc. , provides a desired relationship. For example, when 
the desired relationship is that signal 1 has a greater 
magnitude than signal 2, a favorable comparison may be 
achieved when the magnitude of signal 1 is greater than that 
of signal 2 or when the magnitude of signal 2 is less than 
that of signal 1. 

[0037] The preceding discussion has presented a low 
power LVDS driver that may operate from low supply voltages 
(e.g., 1.8 volts or less). In addition, due to the low 
power consumption of the LVDS driver, multiple LVDS drivers 
may be included on a single integrated circuit with minimal 
power consumption consequences. As one of average skill in 
the art will appreciate, other embodiments may be derived 
from the teaching of the present invention without deviating 
from the scope of the claims. 
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